Abstract. We consider a composite system consisting of two identical quantum systems. Initially the two subsystems are separated so that the initial state of the system is a product state, and we assume that both factors are canonical equilibrium states, but at different temperatures. Then the two systems are thermally coupled which we describe by a certain class of interactions. We showat least numerically -the following version of the second law: heat flows always from the hotter to the colder system.
INTRODUCTION
Consider a quantum system S 1 whose initial state, at time t 0 say, is the canonical equilibrium state at inverse temperature β 1 0 :
H 1 is the Hamiltonian of S 1 and its state space is denoted by À 1 . The expectation value of the energy of S 1 at t 0 is then given by
The following result, although not new [1, 2, 3] , has recently seen a revival [4, 5] :
If the dynamics of S 1 is described by a unitary time evolution U 1´t µ, i. e.
which may well include a nontrivial self-adjoint interaction, and if one measures at a later time t 0 again the energy H 1 , which is is the energy of S 1 after switching off the interaction, then one finds
It is not possible to extract energy from an equilibrium state by a cyclic procedure.
As nice this result is, it also shows the limitations which are inherent in the unitary time evolution. For instance, the obvious way to extract energy from S 1 by bringing it into thermal contact with another colder system, is not covered by the above description.
In order to cope with such a situation one has to take into account more general state changes than eq. (1). In particular, the interaction with a second system S 2 and its dynamics has to be included in the time evolution.
THE MODEL
The physical situation we have in mind is that at time t 0 the system S 1 is coupled to another quantum system S 2 with state space À 2 whose initial state
is also a thermal equilibrium state, but at a different inverse temperature β 2 . Then at time t 0 the state of the coupled system S 12 in À À 1 ªÀ 2 is given by
We assume that the dynamics of the coupled system is described by a unitary time evolution operator S´tµ in À so that at time t the state of S 12 is given by 
where tr 2 is the partial trace with respect to À 2 .
Note that, if there is a nontrivial interaction H 12 between the two systems so that the time evolution S´tµ does not factorize as a tensor product of two unitary operators, eq. (2) describes a more general state change than eq. (1) [6] .
Within this setting we discuss and partially answer the following questions:
Can one single out a class of interactions H 12 modelling thermal contact ? What can be said about the heat flux between the two sytems ?
RESULTS
Let, for t 0, the time evolution S´tµ be given by
We want to model thermal contact and thereby fixing a class of interactions by requiring that the expectation of H 0 remains constant in time, i. e.
This seems reasonable inasmuch as by a thermal contact of the two subsystems energy is neither put into nor extracted from the system. Since eq. (3) should hold for all initial states ρ 12´0 µ it follows by taking the time derivative of (3)
A nontrivial solution of (4) 
Heat flows always from the hotter to the colder system.
Instead of presenting a mathematical proof, which will be published elsewhere, we show the graph of E 1´t µ for a 3-level-system coupled to an identical 3-level-system at a different temperature. The eigenenergies (divided by some suitable energy unit) E 1 E 2 E 3 are chosen as random numbers between 0 and 1. The operators in the 9-dimensional Hilbert space À À 1 ª À 2 are represented as 9 ¢ 9-matrices, where for the interaction H 12 we have chosen a hermitian random matrix with nonzero entries only at the appropriate positions so that it commutes with H 0 . The inverse temperatures are β 1 3 and β 2 2. The figure clearly shows E 1´t µ E 1´0 µ. The fact that at later times E 1´t µ decreases again does not contradict our proposition because ρ 12´t µ is a product of temperature states only at t 0. A unitary time evolution, especially for a small system, always leads to a quasi-periodic behavior.
